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Whvwlqj iru glhuhqfhv lq wkh wdlov
ri vwrfn0pdunhw uhwxuqv
Hulf Mrqghdx￿ Plfkdho Urfnlqjhu|
Rfwrehu 5334
Devwudfw
Lq wklv sdshu/ zh xvh d gdwdedvh frqvlvwlqj ri gdlo| vwrfn0lqgh{ uhwxuqv iru 53 frxq0
wulhv wr whvw iru vlplodulwlhv ehwzhhq wkh ohiw dqg uljkw wdlo ri uhwxuqv dv zhoo dv iru
furvv0vhfwlrqdo gl￿huhqfhv1 Wr plwljdwh wkh lvvxh ri ghshqghqf| ehwzhhq vwrfn uhwxuqv/
zh hvwlpdwh wkh glvwulexwlrq ri h{wuhphv ryhu vxevdpsohv ri wzr prqwkv1 Zh grfxphqw
d jrrg ￿w ri wkh prgho dqg vkrz wkdw wkh ohiw dqg uljkw wdlov ri uhwxuqv ehkdyh yhu|
vlploduo|1 Dfurvv frxqwulhv/ zh ￿qg wkdw h{wuhphv duh orfdwhg dw gl￿huhqw ohyhov dqg wkdw
wkhlu glvshuvlrq ydulhv1 Rq wkh rwkhu kdqg/ wkh wdlo lqgh{/ fkdudfwhul}lqj odujh h{wuhph
uhdol}dwlrqv lv irxqg wr eh frqvwdqw zruogzlgh1 Rxu uhvxowv duh qrw gxh wr d odfn ri
srzhu1 Zh dovr glvfxvv wkh uhvxowv iurp dq hfrqrplf srlqw ri ylhz1
Nh|zrugv= H{wuhph ydoxh wkhru|/ Jhqhudol}hg h{wuhph ydoxh glvwulexwlrq/ Hphuj0
lqj pdunhwv1
MHO fodvvl￿fdwlrq= F46/ F55/ J48/ R491
￿Edqtxh gh Iudqfh/ Fhqwuh gh uhfkhufkh> HUXGLWH/ Sdulv [LL/ Ydo gh Pduqh1
|KHF 0 Vfkrro ri Pdqdjhphqw> Edqtxh gh Iudqfh/ Fhqwuh gh uhfkhufkh> FHSU1
Fruuhvsrqglqj dxwkru= Plfkdho Urfnlqjhu/ KHF0Vfkrro ri Pdqdjhphqw/ Ghsduwphqw ri Ilqdqfh/ :;684 Mrx|0
hq0Mrvdv/ Iudqfh/ urfnlqjhuCkhf1iu1 Rxu gdwd kdv ehhq h{wudfwhg iurp Gdwdvwuhdp1 Urfnlqjhu dfnqrzohgjhv
khos iurp wkh WPU judqw rq Ilqdqfldo pdunhw*v h!flhqf| dv zhoo dv iurp wkh Irqgdwlrq KHF1 Zh dovr zlvk
wr wkdqn Vdqyl Dyrx|l0Gryl/ Mhdq Fruglhu/ Sdwulfh Srqfhw/ dv zhoo dv Slhuuh Vlfvlf iru wkhlu frpphqwv1 Wkh
xvxdo glvfodlphu dssolhv1 Wklv sdshu grhv qrw qhfhvvdulo| uh hfw wkh ylhz ri wkh Edqtxh gh Iudqfh1
4Whvwlqj iru glhuhqfhv lq wkh wdlov
ri vwrfn0pdunhw uhwxuqv
Devwudfw
Lq wklv sdshu/ zh xvh d gdwdedvh frqvlvwlqj ri gdlo| vwrfn0lqgh{ uhwxuqv iru 53 frxqwulhv
wr whvw iru vlplodulwlhv ehwzhhq wkh ohiw dqg uljkw wdlo ri uhwxuqv dv zhoo dv iru furvv0vhfwlrqdo
glhuhqfhv1 Wr plwljdwh wkh lvvxh ri ghshqghqf| ehwzhhq vwrfn uhwxuqv/ zh hvwlpdwh wkh
glvwulexwlrq ri h{wuhphv ryhu vxevdpsohv ri wzr prqwkv1 Zh grfxphqw d jrrg w ri wkh prgho
dqg vkrz wkdw wkh ohiw dqg uljkw wdlov ri uhwxuqv ehkdyh yhu| vlploduo|1 Dfurvv frxqwulhv/ zh
qg wkdw h{wuhphv duh orfdwhg dw glhuhqw ohyhov dqg wkdw wkhlu glvshuvlrq ydulhv1 Rq wkh
rwkhu kdqg/ wkh wdlo lqgh{/ fkdudfwhul}lqj odujh h{wuhph uhdol}dwlrqv lv irxqg wr eh frqvwdqw
zruogzlgh1 Rxu uhvxowv duh qrw gxh wr d odfn ri srzhu1 Zh dovr glvfxvv wkh uhvxowv iurp dq
hfrqrplf srlqw ri ylhz1
54 Lqwurgxfwlrq
Dv pd| eh zlwqhvvhg e| wkh odujh qxpehu ri sxeolfdwlrqv/ h{wuhph ydoxh wkhru| +hyw, pd|
eh frqvlghuhg d suhflrxv wrro iru ulvn pdqdjhphqw1 Dprqj wkhvh sxeolfdwlrqv/ pdq| irfxv
rq kljk iuhtxhqf| gdwd ri h{fkdqjh udwhv/ h1j1 Krov dqg gh Yulhv +4<<4,/ Mdqvhq dqg gh Yulhv
+4<<4,/ Nrhglmn/ Vfkdijdqv/ dqg gh Yulhv +4<<3,/ Gdqlhovvrq dqg gh Yulhv +4<<:,/ Gdfrurjqd/
Pÿoohu/ Slfwhw/ dqg gh Yulhv +4<<8,1 Vrph ri wkhp irfxv rq vwrfn uhwxuqv dw d gdlo| iuhtxhqf|
vxfk dv Oruhwdq dqg Skloolsv +4<<7, dqg Orqjlq +4<<9,1 Ox{ +4<<;, lqyhvwljdwhg Jhupdq
wlfn0e|0wlfn gdwd ri vwrfn pdunhwv1
D uvw jrdo ri wklv sdshu lv wr h{whqg wkh lqyhvwljdwlrq ri wkh wdlo ehkdylru wr d odujh
vhw ri vwrfn pdunhwv vdpsohg dw gdlo| iuhtxhqf|1 Zh dsso| hyw whfkqltxhv wr d vhw ri 53
vwrfn0pdunhw lqglfhv fryhulqj rog zhoo0hvwdeolvkhg qdqfldo pdunhwv/ Dvldq pdunhwv/ Hdvwhuq
Hxurshdq pdunhwv dv zhoo dv Odwlq Dphulfdq rqhv1 Wklv sdshu dggv/ wkhuhiruh/ wr wkh olwhudwxuh
vwxg|lqj hphujlqj pdunhwv1 Lq wkdw hog/ Fodhvvhqv/ Gdvjxswd/ dqg Johq +4<<8, frqvlghuhg
wkh h{lvwhqfh ri uhwxuq dqrpdolhv dqg suhglfwdelolw| iru d vhw ri 53 frxqwulhv uhsuhvhqwhg lq
wkh Lqwhuqdwlrqdo Ilqdqfh Frusrudwlrq*v hphujlqj pdunhwv gdwd edvh1 Ehndhuw dqg Kduyh|
+4<<8/ 4<<:,/ xvlqj wkh vdph gdwd/ vwxglhg yrodwlolw| ghwhuplqdqwv iru hphujlqj pdunhwv dqg
lqyhvwljdwhg wkh hyroxwlrq ri wkh lqwhjudwlrq ehwzhhq pdunhwv/ vhh dovr Urfnlqjhu dqg Xujd
+5334,/ zkr irfxvhg rq Hdvwhuq Hxurshdq pdunhwv1 Vklhogv +4<<:, frpsduhg dv|pphwulhv lq
yrodwlolw| uhvsrqvh wr qhzv ehwzhhq pdwxuh dqg hphujlqj pdunhwv1
Rxu qglqjv duh dv iroorzv= D irupdo whvw grhv qrw doorz xv wr uhmhfw wkh k|srwkhvlv wkdw
wkh ohiw dqg wkh uljkw wdlo ri uhwxuqv kdyh wkh vdph wdlo lqgh{ iru doo frxqwulhv1 Dqrwkhu irupdo
vwdwlvwlfdo whvw grhv qrw uhmhfw wkh k|srwkhvlv wkdw wkh wdlo lqgh{ lv wkh vdph iru doo frxqwulhv
frqvlghuhg1 Zh qg/ krzhyhu/ orwv ri glvsdulw| zlwk uhvshfw wr zkhuh h{wuhphv duh orfdwhg +d
fI gurs pd| vhhp h{wuhph lq rqh frxqwu| exw qrw lq dqrwkhu, dqg krz wkh| duh glvshuvhg1
Vlqfh hfrqrplf wkhru| surylghv olwwoh jxlgdqfh krz wkh h{wuhphv ri uhwxuqv vkrxog ehkdyh/
zh ghflghg wr uvw whvw ydulrxv dg0krf k|srwkhvhv1 Wkhq/ zh surylgh d glvfxvvlrq ri rxu
qglqjv iurp dq hfrqrplf srlqw ri ylhz1
Wkh vwuxfwxuh ri wklv sdshu lv dv iroorzv1 Lq wkh qh{w vhfwlrq/ zh eulh | uhfdoo hohphqwv ri
h{wuhph ydoxh wkhru|1 Wklv doorzv xv wr lqwurgxfh qrwdwlrqv dqg wrrov xvhg lq wklv duwlfoh1 Lq
vhfwlrq 6/ zh ghvfuleh wkh gdwd/ w wkh jhqhudol}hg h{wuhph ydoxh glvwulexwlrq/ dqg whvw rxu
pdlq k|srwkhvhv1 Lq vhfwlrq 7/ zh glvfxvv rxu uhvxowv1
5 Hohphqwv ri h{wuhph ydoxh wkhru|
P d q |w h { w e r r n vg h d oz l w kh y w 1 Z hp d |p h q w l r qw k he r r n vr iO h d g e h w w h u /O l q g j u h q /d q g
Urrw}ìq +4<;6,/ ri Hpeuhfkwv/ Noÿsshoehuj/ dqg Plnrvfk +4<<:, ru ri Uhlvv dqg Wkrpdv
+4<<:,1 Iru hfrqrplf dssolfdwlrqv/ rqh pd| dovr frqvxow gh Yulhv +4<<7,1 Vlqfh hyw lv udwkhu
zhoo xqghuvwrrg/ zh zloo qrz suhvhqw wkh whfkqltxhv xvhg wr d, whvw zkhwkhu wkh ohiw wdlo ri
6vwrfn0pdunhw uhwxuqv ehkdyhv dv wkh uljkw rqh dqg e, zkhwkhu wkh wdlo ehkdylru glhuv dfurvv
frxqwulhv1
Wkhuh duh hvvhqwldoo| wzr dssurdfkhv wr hyw1 Wkh h{wuhpd dssurdfk vwxglhv wkh glvwulexwlrq
iroorzhg e| wkh pd{lpxp ru plqlpxp ri uhwxuqv ryhu jlyhq wlph krul}rqv1 Wklv whfkqltxh
lv xvhg iru lqvwdqfh e| Orqjlq +4<<9,1 Wkh wdlo dssurdfk frqvlghuv wkh h{fhhgdqfhv ri d
kljk wkuhvkrog14 Lq wkh uvw dssurdfk/ w|slfdoo|/ dq h{wuhph ydoxh glvwulexwlrq jhwv wwhg yld
pd{lpxp olnholkrrg wr wkh glvwulexwlrq ri pd{lpd1 Lq wkh vhfrqg dssurdfk/ rqh zrxog w d
jhqhudol}hg Sduhwr glvwulexwlrq wr wkh wdlov15 Dowhuqdwlyho|/ rqh pd| frqvlghu vlpxowdqhrxvo|
h{fhhgdqfh iuhtxhqflhv/ dqg wkh wlph ehwzhhq h{fhhgdqfhv/ dv d elyduldwh srlqw surfhvv1 Wklv
lv wkh vwudwhj| iroorzhg e| Vplwk +4<;<,1
Erwk wkh h{wuhpd dqg wkh wdlo dssurdfk kdyh wkhlu gudzedfnv dqg dgydqwdjhv1 Rqh gl!0
fxow| wkdw rqh idfhv zlwk qdqfldo gdwd lv ghshqghqf| dw kljkhu prphqwv1 Wklv skhqrphqrq
lv zhoo nqrzq dqg pd| eh prghohg e| DUFK0w|sh surfhvvhv/ ghyhorshg e| Hqjoh +4<;5,1
Dv vkrzq e| Nhduqv dqg Sdjdq +4<<:,/ krzhyhu/ wkh hvwlpdwlrq ri wkh wdlo lqgh{ xvlqj wkh
wdlo dssurdfk pd| ohdg wr odujh vwdqgdug huuruv1 Rqh vroxwlrq durxqg wklv lvvxh frxog eh wkh
owhulqj ri wkh gdwd xvlqj dq DUFK w|sh surfhvv1 Wklv dssurdfk lv ehlqj xvhg e| PfQhlo dqg
Iuh| +5333,16 Dqrwkhu dssurdfk riwhq iroorzhg lq wkh k|gurorj| olwhudwxuh frqvlvwv lq owhulqj
wkh gdwd e| uhwdlqlqj wkh odujhvw revhuydwlrqv ryhu d wxuexohqw shulrg +vd| d vwrup,1 Wklv
pd| eh vxffhvvixo iru dssolfdwlrqv zkhuh wkh irfxv lv rqo| rq wkh vlqjoh pd{lpd1 Lq qdqfh/
riwhq h{wuhphv foxvwhu dqg/ wkxv/ wklv w|sh ri owhulqj pd| eldv wkh hvwlpdwlrq ri wkh gxudwlrq
ehwzhhq h{wuhph uhwxuqv1
Jlyhq wklv lvvxh ri ghshqghqf|/ wkh h{wuhpd dssurdfk kdv wkh dgydqwdjh wkdw wkh vxe0
vdpsohv pd| eh frqvlghuhg llg li wkh wlph krul}rq ryhu zklfk wkh h{wuhpxp lv wdnhq lv vx!0
flhqwo| orqj1 Fohduo|/ d gudzedfn lv wkdw wkh vdpsoh vl}h ghfuhdvhv dv wkh wlph krul}rq ehfrphv
uhodwlyho| orqj1
Frqvflrxv ri wkh ghshqghqf| ri qdqfldo gdwd dqg wkh uhvxowlqj hvwlpdwlrq sureohpv/ zh
zloo/ lq wklv sdshu/ xvh wkh h{wuhpd dssurdfk/ dffhswlqj d srwhqwldo orvv ri srzhu gxh wr wkh
ghfuhdvh lq vdpsoh vl}h1 Lq grlqj vr/ zh iroorz Glherog/ Vfkxhupdqq/ dqg Vwurxjkdlu +4<<;,
zkr uhfrpphqg wklv zd| ri surfhhglqj1 Zh wxuq qrz wr d vkruw ghvfulswlrq ri wkh zrunlqj ri
wklv dssurdfk1 Jlyhq wkdw wkh lpsohphqwdwlrq ri wklv dssurdfk lv zhoo hvwdeolvkhg/ vhh Orqjlq
+4<<9,/ zh zloo qrw hqwhu lqwr wkh ghwdlov1
Ohw if￿ccf ￿j eh d vhtxhqfh ri  udqgrp yduldeohv uhsuhvhqwlqj gdlo| revhuydwlrqv ri
wkh orj uhwxuq rq d vwrfn0pdunhw lqgh{17 Vlqfh 4?Ef￿ccf￿'4 @  E f￿ccf ￿ 
￿/ lw lv hqrxjk wr ghyhors wkhruhwlfdo hohphqwv iru wkh xsshu wdlo ri wkh glvwulexwlrq1 Li wkh
4Lq wkh olwhudwxuh/ wkhuh dsshduv wr eh qr sduwlfxodu qdph iru wkh wzr dssurdfkhv1 Zh ghflghg wr jlyh wkhp
d qdph iru wkh uhdghu*v frpiruw1
5Dovr/ li wkh irfxv lv rqo| rq wkh wdlo lqgh{/ rqh pd| xvh wkh Kloo vwdwlvwlfv1
6Wkhvh dxwkruv rqo| irfxv rq rqh wdlo dqg ghvfuleh d phwkrg wr rewdlq frqglwlrqdo kljk wkuhvkrogv1
7Frqwlqxrxvo| frpsrxqghg uhwxuqv duh gh￿qhg e| [w @4 3 3￿oq+Vw@Vw￿4,/ zkhuh Vw lv wkh forvlqj ydoxh ri
d vwrfn sulfh dw wlph w1
7f| duh llg dqg 8fE lv wkh fxpxodwlyh glvwulexwlrq ixqfwlrq +fgi, ri dq| f|/w k h q
Sud￿ 	% o'Sud4@ Ef￿ccf ￿ 	% o'Sudf￿ 	% ccf ￿ 	% o'd 8fE%o
￿
Wklv h{suhvvlrq lqglfdwhv wkdw wkh glvwulexwlrq ri wkh pd{lpxp iru d qlwh vdpsoh fdq eh
hdvlo| rewdlqhg li 8fE lv nqrzq1 Zkhq  ehfrphv odujh/ wkh glvwulexwlrq ri wkh pd{lpxp
ghjhqhudwhv1 Krzhyhu/ dv lqglfdwhg e| wkh Ilvkhu0Wlsshww wkhruhp/ d vfdohg yhuvlrq ri ￿
frqyhujhv wr d qlwh glvwulexwlrq18 Wklv wkhruhp/ irupdoo| suryhg e| Jqhghqnr +4<76,/ vwdwhv
wkdw/ li wkhuh h{lvwv d orfdwlrq sdudphwhu/ >￿/d q gdvfdoh sdudphwhu/ ￿ : f/ vxfk wkdw wkh
olplw glvwulexwlrq ri vwdqgdugl}hg h{wuhphv t￿ 'E ￿  >￿*￿ lv qrq0ghjhqhudwh/ wkhq
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8f lv wkhq vdlg wr ehorqj wr wkh grpdlq ri dwwudfwlrq ri M1 Wkh wkuhh glvwulexwlrqv duh fdoohg
vwdqgdug h{wuhph ydoxh glvwulexwlrqv1 Kdylqj rewdlqhg wkh olplw glvwulexwlrq/ rqh fdq uhyhuvh
wkh uhdvrqlqj dqg dvn zkdw w|sh ri fgi 8fEc xqghuo|lqj wkh f|c zloo |lhog frqyhujhqfh ri wkh
pd{lpxp wr d jlyhq olplw glvwulexwlrq1 Iru lqvwdqfh/ lw fdq eh vkrzq wkdw wkh qrupdo dqg
orjqrupdo glvwulexwlrqv |lhog pd{lpd frqyhujlqj wr wkh Jxpeho glvwulexwlrq1 Wkh h{wuhphv
ri Fdxfk|/ Sduhwr/ ru Vwxghqw0| glvwulexwhg udqgrp yduldeohv frqyhujh wr wkh Iuìfkhw glvwulex0
wlrq1 Wr jhw wkh Zhlexoo olplw glvwulexwlrq/ wkh vxssruw ri wkh xqghuo|lqj glvwulexwlrq pxvw eh
qlwh1 Dv d frqvhtxhqfh/ iru lqvwdqfh/ d xqlirup glvwulexwlrq |lhogv wkh Zhlexoo glvwulexwlrq1
Iru hvwlpdwlrq sxusrvhv/ lw lv xvhixo wr qhvw wkh wkuhh glvwulexwlrqv1 Wklv qhvwlqj lv dfklhyhg
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Wkh vwdqgdug h{wuhph ydoxh glvwulexwlrqv fdq eh uhfryhuhg zlwk 1 ' k3￿ : f iru wkh Iuìfkhw
glvwulexwlrq/ 1 'firu wkh Jxpeho glvwulexwlrq/ 1 ' k3￿ : f iru wkh Zhlexoo glvwulexwlrq1
Wkh sdudphwhu 1 lv fdoohg wkh wdlo lqgh{1
Lq wkh hpslulfdo qdqfh olwhudwxuh/ wkh idw0wdlohgqhvv ri uhwxuqv lv zhoo grfxphqwhg19 Vhy0
hudo dssurdfkhv kdyh ehhq ghylvhg wr prgho idw0wdlohgqhvv1 Nrq +4<;7, prghohg uhwxuqv dv
8Wklv uhvxow pd| eh ylhzhg dv dq dqdorj ri wkh fhqwudo olplw wkhruhp exw iru wkh wdlov1
9Uhwxuqv fdqqrw eh vpdoohu wkdq ￿433(/ zklfk fruuhvsrqgv wr edqnuxswf|1 Iru wklv uhdvrq/ wkh ohiw wdlo ri
wkh uhwxuq glvwulexwlrq lv erxqghg1 Krzhyhu/ dv orqj dv rq dyhudjh uhwxuqv duh idu dzd| iurp wklv erxqgdu|/
idw wdlov duh srvvleoh iru d jlyhq vdpsoh1
8d pl{wxuh ri qrupdo glvwulexwlrqv1 Lw fdq eh vkrzq wkdw wklv pl{wxuh glvwulexwlrq |lhogv d
Jxpeho0w|sh glvwulexwlrq iru wkh wdlov1: Iru DUFK surfhvvhv/ Nhvwhq +4<:6, kdv ghulyhg wkh
Iuìfkhw glvwulexwlrq dv wkh olplw glvwulexwlrq +vhh dovr Vw dulf d dqg Slfwhw/ 4<<<,1 D odujh erg|
ri wkh hpslulfdo qdqfh olwhudwxuh grfxphqwv wkdw dvvhw uhwxuqv duh idw0wdlohg1 Wklv vxjjhvwv
wkdw wkh prvw uhohydqw wdlo glvwulexwlrq lq Ilqdqfh lv wkh Iuìfkhw glvwulexwlrq +vhh dovr Orqjlq
4<<9/ dv zhoo dv Oruhwdq dqg Skloolsv/ 4<<7,1 Lq Iljxuh 4/ d ehqfkpdun Iuìfkhw glvwulexwlrq
lv wudfhg zlwk d wklfn olqh1 Wkh sdudphwhuv duh lqglfdwhg lq wkh jxuh1 Zh qrwlfh wkdw d
vkliw ri wkh orfdwlrq sdudphwhu/ >/ vkliwv wkh ghqvlw| e| d vdph dprxqw1 Qh{w/ dv wkh vfdoh
sdudphwhu pryhv iurp  ' c dv xvhg lq wkh ehqfkpdun ghqvlw|/ xs wr 418 iru wkh grwwhg
olqh/ wkh zlgwk ri wkh ghqvlw| lqfuhdvhv1 Wkxv/ wklv sdudphwhu dsshduv wr eh yhu| vlplodu wr
d yduldqfh1 Odvw/ zh lqyhvwljdwh wkh lpsdfw ri d fkdqjh ri wkh wdlo lqgh{1 Dv wkh wdlo lqgh{
lqfuhdvhv/ wkh suredelolw| pdvv lq wkh uljkw wdlo lqfuhdvhv1
Wklv jxuh looxvwudwhv wkh lpsruwdqfh wr lqyhvwljdwh/ lq d frpsdulvrq ri wdlov/ wkh ehkdylru
ri doo sdudphwhuv1 Wkh wdlo lqgh{ irfxvhv rq odujh h{wuhph uhwxuqv1 Wkh orfdwlrq sdudphwhu
lqglfdwhv zkhuh h{wuhphv duh orfdwhg rq dyhudjh 0 zkhuh wkh| foxvwhu1 Odvw/ wkh vfdoh sdudphwhu
lqglfdwhv krz glvshuvhg prvw h{wuhph uhdol}dwlrqv duh1
Wr rewdlq pd{lpxp0olnholkrrg hvwlpdwhv ri wkh sdudphwhu yhfwru i1c>￿c ￿j ri wkh jhy
glvwulexwlrq/ zh qrwlfh wkdw wkh jhy glvwulexwlrq ri d jhqhudo qrq0fhqwhuhg/ qrq0uhgxfhg/ udq0
grp yduldeoh lv ghqhg e| M1c>￿c￿￿E6'M1EE6  >￿*￿1 Dvvxph wkdw zh revhuyh uh0
dol}dwlrqv ri wkh udqgrp yduldeohv f| i r u p l q jdv d p s o h%￿cc% Ac dqg wkdw zh frqvlghu
0klvwrulhv/ wkdw lv qrq0ryhuodsslqj vxevdpsohv ri ohqjwk  Slfnlqj wkh pd{lpxp ryhu hdfk
0klvwru| jlyhv d vdpsoh ri pd{lpd/ ghqrwhg i6￿cc6 ￿j/z l w k ehlqj wkh odujhvw lqwhjhu
v p d o o h ur uh t x d ow rA*1 Sdudphwhuv fdq wkhq eh hdvlo| hvwlpdwhg e| dsso|lqj d pd{lpl}dwlrq





zkhuh 1c>￿c￿￿E6| ghqrwhv wkh ghqvlw| ri wkh jhy glvwulexwlrq dqg L ghqrwhv dq lqglfdwru
ixqfwlrq1 Dv vkrzq e| Vplwk +4<;8,/ wkh sdudphwhuv duh glvwulexwhg dv|pswrwlfdoo| qrupdo
surylghg 1:*2
Pruhryhu/ wkh dv|pswrwlf wkhru| krogv li wkh vxevdpsohv duh llg/ dq dvvxpswlrq zklfk grhv
qrw uhtxluh wkdw wkh xqghuo|lqj uhdol}dwlrqv f| eh llg1 Lq hpslulfdo zrun/ wkh 0klvwru| kdv wr
eh fkrvhq vr wkdw wklv frqglwlrq lv olnho| wr eh vdwlvhg1 Lq wklv fdvh/ wkh pd{lpxp0olnholkrrg
hvwlpdwlrq ri wkh jhy glvwulexwlrq |lhogv frqvlvwhqw hvwlpdwhv/ hyhq li wkh udz gdwd duh qrw llg1
6 Hpslulfdo uhvxowv
Vlqfh wkh dlp ri wklv vwxg| lv wr surylgh furvv0frxqwu| hylghqfh iru h{wuhph uhwxuqv/ zh
frqvlghu d odujh gdwdedvh ri joredo lqglfhv1 Zh frqvlghu yh lqglfhv iru pdwxuh qdqfldo
:Vhh dovr Mdqvhq dqg gh Yulhv +4<<4,1
9pdunhwv +Vwdqgdug dqg Srru*v 833/ Qlnnhl/ Gd{/ FDF73/ dqg wkh IWVH433,1 Iru hphujlqj
pdunhwv/ zh frqvlghu yh Dvldq lqglfhv +Krqj Nrqj/ Vlqjdsruh/ Vrxwk Nruhd/ Wdlzdq/ dqg
Wkdlodqg,/ yh Hdvwhuq Hxurshdq lqglfhv +wkh F}hfk Uhsxeolf/ Kxqjdu|/ Uxvvld/ wkh Vorydn
Uhsxeolf/ dqg Voryhqld,/ dv zhoo dv yh Odwlq Dphulfdq lqglfhv +Eud}lo/ Fkloh/ Frorpeld/
Ph{lfr/ dqg Shux,1 Wklv gdwdedvh kdv ehhq h{wudfwhg rxw ri Gdwdvwuhdp1 Iru vrph ri wkh
vhulhv/ fduh kdg wr eh wdnhq iru wkh hduolhu sduw ri wkh vdpsoh/ vlqfh wkh uhsruwhg iuhtxhqf|
zdv qrw gdlo|1; Zh vwduwhg rxu vdpsoh zkhq wkh iuhtxhqf| ehfdph gdlo|1 Iru vrph frxqwulhv/
zh kdg wr dsshqg wzr lqglfhv1<
614 Ghvfulswlyh vwdwlvwlfv
61414 Furvv0frxqwu| hylghqfh
Wdeohv 4d dqg 4e uhsruw vhyhudo ghvfulswlyh vwdwlvwlfv rq gdlo| vwrfn uhwxuqv1 Zh glvsod| iru
hdfk lqgh{ wkh vwduwlqj gdwh dv zhoo dv wkh qxpehu ri revhuydwlrqv1 Doo vhulhv hqg rq Mxqh
5< 53341 Wkh vdpsoh vl}h +Qrev, udqjhv ehwzhhq 4;69 iru Uxvvld xs wr <855 iru wkh XV
dqg Jhupdq pdunhwv1 Wkh dyhudjh gdlo| uhwxuq lv srvlwlyh iru doo frxqwulhv exw wkh F}hfk
Uhsxeolf1 Wkh phgldq riwhq wdnhv wkh ydoxh 3/ pdlqo| ehfdxvh sulfhv uhpdlq frqvwdqw ryhu
krolgd|v zklfk duh qrw owhuhg rxw khuh1 Wklv vxjjhvwv wkdw }hur uhwxuqv zloo eh ryhu0vdpsohg1
Zh gr qrw lqvlvw rq wklv lvvxh vlqfh lq wklv vwxg| zh irfxv rq wkh wdlov udwkhu wkdq rq wkh
fhqwudo sduw ri wkh uhwxuq glvwulexwlrq1
Vnhzqhvv +Vn, lv d vljqhg phdvxuh ri wkh wdlo ehkdylru ri uhwxuqv1 Iru pdwxuh pdunhwv/
wklv vwdwlvwlf lv jhqhudoo| irxqg wr eh qhjdwlyh/ vxjjhvwlqj wkdw fudvkhv fdxvh dq dv|pphwulf
uhwxuq glvwulexwlrq1 Iru hphujlqj pdunhwv/ wkh slfwxuh lv ohvv fohdu0fxw/ vlqfh pdq| pdunhwv
duh fkdudfwhul}hg e| d srvlwlyh vnhzqhvv1 H{fhvv nxuwrvlv +Nx, phdvxuhv wkh khdylqhvv ri wdlov
dv frpsduhg wr wkh qrupdo rqh1 Zh xqlirupo| qrwlfh wkdw wklv vwdwlvwlfv lv wrr odujh wr eh
uhfrqflohg zlwk d qrupdo glvwulexwlrq1 Lq doo fdvhv/ wkh Mdutxh0Ehud vwdwlvwlf lv yhu| odujh/
vwurqjo| uhmhfwlqj wkh qxoo k|srwkhvlv ri qrupdolw|1 Qrwh/ krzhyhu/ wkdw vwdqgdug ghyldwlrqv
duh frpsxwhg zlwk wkh Jhqhudol}hg0Phwkrg0ri0Prphqw surfhgxuh uhfrpphqghg e| Ulfkdug0
vrq dqg Vplwk +4<<6,1 Wklv doorzv xv wr wdnh fduh ri khwhurvnhgdvwlflw|1 Zh rewdlq wkdw
vnhzqhvv dqg nxuwrvlv duh riwhq hvwlpdwhg zlwk d yhu| orz dffxudf| +vhh/ iru lqvwdqfh/ wkh
V)S833,1 Wkh Zdog vwdwlvwlf iru qrupdolw| whvwv wkdw vnhzqhvv dqg h{fhvv nxuwrvlv duh mrlqwo|
htxdo wr }hur1 Iru doo vwrfn pdunhwv exw wkh V)S833/ wkh k|srwkhvlv ri qrupdolw| lv uhmhfwhg
dw wkh 8 shufhqw vljqlfdqfh ohyho1 Wkh uhmhfwlrq lv pruh fohdu0fxw lq Hdvwhuq Hxurshdq dqg
Odwlq Dphulfdq pdunhwv1 Wkh glvfuhsdqf| ehwzhhq wkh Mdutxh0Ehud dqg wkh Zdog whvw vxj0
jhvwv wkdw khwhurvnhgdvwlflw| pd| eh dq lpsruwdqw lvvxh iru hyw vlqfh wkh frqfoxvlrq ri idw
wdlohgqhvv klqjhv rq lw1
;Wklv lv wkh fdvh iru wkh F}hfk Uhsxeolf ehiruh Dsulo 4<<71 Iru Eud}lo/ wkh sulfh ￿jxuhv duh vr vpdoo ehiruh
Mdqxdu| 4<<5 wkdw sulfh fkdqjhv duh vxemhfw wr phdvxuhphqw huuruv1
<Iru wkh Iuhqfk lqgh{/ zh xvhg wkh FDF J￿q￿udo lqgh{ ehiruh Mxo| </ 4<;:1 Iru wkh XN lqgh{/ zh xvhg
wkh IW doo0vkduhv ehiruh Mdqxdu| 4/ 4<;31
:Wr johdq ixuwkhu lqvljkw lq wkh ehkdylru ri h{wuhph vwrfn uhwxuqv/ zh fhqwhu +e| vxewudfwlqj
wkh phdq, dqg uhgxfh +e| glylglqj e| wkh vwdqgdug ghyldwlrq, doo uhwxuq vhulhv dqg frqvlghu
wkh vwdqgdugl}hg plqlpd dqg pd{lpd dv zhoo dv ydulrxv shufhqwlohv1 Zh ghqh ^% dv wkh %0wk
shufhqwloh1 Frpsdulvrq ri wkh devroxwh ydoxh ri ^ dqg ^bb iru vwdqgdugl}hg uhwxuqv zlwk wkh
ydoxh wkdw vkrxog krog/ xqghu qrupdolw|/ 51659/ uhyhdov iru doo pdunhwv/ wkdw wkh h{wuhph 4
shufhqwlohv duh wrr odujh wr eh frpsdwleoh zlwk d qrupdo glvwulexwlrq1 Zkhq frpsdulqj ^D
dqg ^bD zlwk wkh dvvrfldwhg qrupdo fulwlfdo ydoxhv/ 41987/ zh qg wkdw wkhuh duh qrw hqrxjk
uhdol}dwlrqv frpsdwleoh zlwk d qrupdo glvwulexwlrq1 Wklv frqupv wkdw glvwulexwlrqv ri uhwxuqv
duh idw0wdlohg1 Dv d frqvhtxhqfh/ wkh vwxg| ri wkh odz iroorzhg e| h{wuhph uhwxuqv lv lpsruwdqw1
Qh{w/ zh whvw iru khwhurvnhgdvwlflw| e| uhjuhvvlqj vtxduhg fhqwhuhg uhwxuqv rq g ' ccD
ri lwv odjv1 Wkh A- 2 Hqjoh vwdwlvwlf +HqjohEg,/ zkhuh -2 lv wkh frh!flhqw ri ghwhuplqdwlrq
iru d vdpsoh ri vl}h A/ lv glvwulexwhg dv d 2
g xqghu wkh qxoo k|srwkhvlv ri krprvnhgdvwlflw|1
Wklv vwdwlvwlf wdnhv yhu| odujh ydoxhv/ frquplqj wkdw wkhuh lv d idlu dprxqw ri khwhurvnhgdv0
wlflw| lq wkh gdwd1
Odvw/ zh lqyhvwljdwh zkhwkhu uhwxuqv duh vhuldoo| fruuhodwhg1 Zh frqvlghu d yhuvlrq ri
wkh Er{0Omxqj whvw zklfk fruuhfwv iru khwhurvnhgdvwlflw| +vhh Zklwh/ 4<;3,1 Iru g odjv/ wkh
'` Eg lv glvwulexwhg dv d 2
g1 Li zh frqvlghu wkh '` rewdlqhg zlwk 43 odjv zh qg wkdw
wkh vwdwlvwlf lv vljqlfdqw iru prvw lqglfhv lqyhvwljdwhg1 Dw wkh 43 shufhqw ohyho/ zh gr qrw
uhmhfw wkh qxoo k|srwkhvlv ri vhuldo ghshqghqf| iru wkh Qlnnhl/ Vrxwk Nruhd/ dqg wkh Vorydn
Uhsxeolf rqo|1 Sduwlfxoduo| kljk ydoxhv duh irxqg iru Fkloh +468154, dqg Shux +4651:;,1 Wkhvh
uhvxowv vxjjhvw wkdw juhdw fduh vkrxog eh wdnhq zkhq xvlqj hyw whfkqltxhv wkdw uho| rq wkh
dvvxpswlrq ri lqghshqghqfh1
61415 Forvhu lqvshfwlrq ri vhohfwhg lqglfhv
Wr ixuwkhu looxvwudwh wkh ehkdylru ri uhwxuqv/ zh udqgrpo| fkrrvh rqh lqgh{ iru hdfk odujh
jhrjudsklf duhd1 Wkhvh lqglfhv frqfhuq Iudqfh +FDF73, dv zhoo dv Vlqjdsruh/ Uxvvld/ dqg
P h { l f r 1L qI l j x u h5 /z hg l v s o d |u h w x u q vi r uw k h v hl q g l f h v 1
Iru wkh FDF73/ zh qrwlfh wkh odujh gurs lq wkh pdunhw lq Pd| 4<;4 zklfk rffxuuhg diwhu
Plwwhuudqg*v uvw hohfwlrq +bI rq Pd| 46/ 4<;4,1 Wkh Rfwrehu 4<;: fudvk dovr frphv
xs/ exw lwv pdjqlwxgh lv qrw dv elj dv wkh 4<;4 fudvk1 Zh qrwlfh wkdw wkh odujh gurs/ iru wkh
FDF73/ rq Rfwrehu 4</ 4<;: zdv iroorzhg/ gxulqj wkh qh{w gd|v/ e| rwkhu h{wuhph uhwxuqv
ri erwk vljqv1 Wklv wxuexohqw shulrg lv dvvrfldwhg zlwk wkh zruogzlgh Rfwrehu fudvk dv zhoo
dv zlwk wkh hqg ri wkh uvw shulrg ri frkdelwdwlrq +Rfwrehu 5;, dqg wkh ehjlqqlqj ri wkh qhz
hohfwrudo fdpsdljq1
Iru Vlqjdsruh/ zh qrwlfh wkh lpsruwdqfh ri wkh Rfwrehu 4<;: fudvk/ zklfk odujho| grpl0
qdwhv wkh slfwxuh +fI rq Rfwrehu 43/ 4<;:,1 Wklv shulrg dovr frlqflghv zlwk wkh ehjlqqlqj
ri dq hohfwrudo fdpsdljq dv zhoo dv ri pxowl0udfldo frq lfwv1 Wkh fudvk rq Rfwrehu 49/ 4<;<
zdv vlploduo| gxh wr yhu| wurxeohg hohfwlrqv1
Wkh Uxvvldq lqgh{ h{lvwv rqo| vlqfh plg04<<71 Lw h{shulhqfhg yhu| vkdus pryhphqwv/ lq
;sduwlfxodu gxulqj wkh 4<<: fudvk +2S2I rq Rfwrehu 5;/ 4<<:, dqg wkh pruh uhfhqw 4<<;
fudvk +b2I rq Dxjxvw 5:/ 4<<;,1 Wkh dpsolwxgh ri uhwxuqv iru wkh Uxvvldq pdunhw lv
qrwlfhdeoh1 Qrwh wkh srvlwlyh rxwolhu/ zklfk rffxuuhg rq Rfwrehu 49/ 4<<; +neSI, mxvw diwhu
wkh lqgh{ kdg uhdfkhg d erwwrp sulfh143
Wkh Ph{lfdq lqgh{ zdv odxqfkhg lq Mdqxdu| 4<;;1 Lq sdudooho zlwk wkh Uxvvldq lqgh{/ lw
h{shulhqfhg yhu| odujh  xfwxdwlrqv gxulqj wkh 4<<: fudvk +eI rq Rfwrehu 5:/ 4<<:, dqg
wkh 4<<; fudvk +fI rq Vhswhpehu 43/ 4<<;,1
615 Hvwlpdwlrq ri wkh jhqhudol}hg h{wuhph ydoxh glvwulexwlrq
Zh qrz frqvlghu wkh glvwulexwlrq ri h{wuhph uhwxuqv/ rewdlqhg ryhu 0klvwrulhv1 Zh uvw
surylgh d udslg dvvhvvphqw ri wkh ehkdylru ri h{wuhph uhwxuqv xvlqj judsklfdo wrrov wkdw zloo
j x l g hx vl qw k hf k r l f hr i/ wkhq zh glvfxvv wkh hvwlpdwhv ri wkh uhvxowlqj jhy glvwulexwlrq1
Wr dgguhvv krz wr fkrrvh wkh vl}h ri wkh klvwrulhv/ / zh wudfh lq Iljxuh 6/ iru rxu
irxu vhohfwhg pdunhwv/ hvwlpdwhv ri 1/ zlwk dvvrfldwhg <3( frqghqfh lqwhuydov/ rewdlqhg iru
vhyhudo 0klvwrulhv/ zkhuh  udqjhv iurp f wr Hf1 Wkh fkrlfh ri  vkrxog eh jxlghg e|
wkh rewhqwlrq ri d vwdeoh wdlo lqgh{/ 1 Lqvshfwlrq ri wkh jxuhv uhyhdov wkdw iru  'e f /
fruuhvsrqglqj wr qrq0ryhuodsslqj vxevdpsohv ri wzr prqwk*v gdwd/ wkh wdlo lqgh{ glvsod|v lq
pdq| fdvhv vwdelolw|1 Iru wklv uhdvrq/ zh irfxv iurp qrz rq hvwlpdwhv ri wkh jhy rewdlqhg iru
 'e f 1 Zh vwduw rxu glvfxvvlrq zlwk wkh hvwlpdwlrq ri wkh sdudphwhuv rewdlqhg iru wkh ohiw
dqg wkh uljkw wdlov dfurvv frxqwulhv1 Wkh uhvxowv ri wkh hvwlpdwlrq duh suhvhqwhg lq Wdeoh 51
Wkh ohiw sduw ri wklv wdeoh lv ghyrwhg wr wkh wdlo jhqhudwhg e| vkruwidoov zkhuhdv wkh uljkw sduw
lv ghyrwhg wr zlqgidoov1
Zh qrwlfh iru wkh frxqwulhv orfdwhg lq wkh uvw jurxs/ +J4,/ wkdw wkh orfdwlrq dqg vfdoh
sdudphwhuv dsshdu wr eh vlplodu iurp frxqwu| wr frxqwu|1 Vlploduo|/ wkh sdudphwhuv duh forvh
lq jurxs 5/ +J5,/ exw dw d kljkhu ohyho1 Wklv pd| eh h{sodlqhg e| wkh idfw wkdw J5 frxqwulhv
kdyh d kljkhu ohyho ri yrodwlolw| wkdq J4 frxqwulhv +vhh dovr Wdeoh 4d,1 Zkhq zh wxuq wr
frxqwulhv lq jurxsv 6 dqg 7/ +J6/ J7,/ zh qg orwv ri khwhurjhqhlw| dprqj wkh hvwlpdwhv1 D
vlpsoh lqvshfwlrq ri wkh hvwlpdwhv grhv qrw ohdg wr dq| reylrxv qglqjv1 Wr hvwdeolvk uhvxowv
frqfhuqlqj wkh wdlo vlplodulw| ru glvsdulw|/ zh qhhg wr whvw irupdoo|1
Zkhq zh frpsduh wkh wdlo0lqglfhv dfurvv wkh ydulrxv jurxsv/ zh qg wkdw wkhuh lv d odujh
yduldwlrq dfurvv frxqwulhv1 Djdlq/ zlwkrxw d irupdo whvw/ lw lv qrw srvvleoh wr pdnh vwdwhphqwv
iru wkh ydulrxv jurxsv1
Rqh ri wkh dvvxpswlrqv xqghuo|lqj wkh prgho lv wkh dvvxpswlrq ri llg0qhvv ri wkh h{wuhphv1
D uvw whvw/ dlphg dw yhuli|lqj wkh llg dvvxpswlrq/ fdq eh shuiruphg e| lqvshfwlqj wkh vwdq0
gdug ghyldwlrqv jlyhq e| wkh Khvvldq pdwul{ zlwk wkh vwdqgdug ghyldwlrqv rewdlqhg zlwk wkh
vdqgzlfk prgho144 Lw lv nqrzq wkdw/ li wkh ghqvlw| lqyroyhg lq wkh pd{lpxp0olnholkrrg
43Qrwlfh wkh fkdqjhv lq vfdoh lq wkh ￿jxuhv1
44Vhh dovr Zklwh +4<;3, iru wkh dvvxpswlrqv uhtxluhg iru wkh vwdqgdug huuruv jhqhudwhg e| wkh Khvvldq
pdwul{ wr eh ydolg1
<hvwlpdwlrq lv edgo| vshflhg/ ru li wkh llg dvvxpswlrq lv ylrodwhg/ wkhq wkh vwdqgdug huuruv
vkrxog ghyldwh1 Wdnlqj wkh V)S833 hvwlpdwhv/ wkh urexvw vwdqgdug huuruv duh 31374/ 31368/
dqg 3138; iru wkh wkuhh sdudphwhuv +>3c
3c1
3, iru wkh ohiw wdlo1 Wkhvh ydoxhv frpsduh zlwk
wkh vwdqgdug huuruv wkdw pd| eh irxqg lq Wdeoh 5/ qdpho| 31376/ 31368/ dqg 3137;  d vpdoo gli0
ihuhqfh1 Vlploduo|/ wdnlqj dw udqgrp Uxvvld/ zh rewdlq dv urexvw vwdqgdug huuruv 31896/ 31785/
dqg 313<8 wkdw frpsduh zlwk 318;5/ 31769/ dqg 3143< uhvshfwlyho|1 Djdlq d vpdoo glhuhqfh145
Wkhvh revhuydwlrqv vxjjhvw wkdw rxu prgho dsshduv wr eh udwkhu zhoo vshflhg1
Lqvshfwlrq ri wkh ydoxhv wdnhq e| 1
3 / 1
n dqg dvvrfldwhg frqghqfh lqwhuydov uhyhdov wkdw
wkh ydoxh ri 3 lv h{foxghg iru doo frxqwulhv/ h{fhsw iru wkh ohiw dqg wkh uljkw wdlov ri wkh F}hfk
Uhsxeolf dv zhoo dv wkh uljkw wdlo ri Voryhqld1 Wklv lpsolhv wkdw iru qhlwkhu frxqwu| wkh wdlov
ehkdyh lq d zd| frpsdwleoh zlwk wkh qrupdo glvwulexwlrq1 Wklv fruurerudwhv rxu hduolhu qglqj
uhsruwhg lq Wdeoh 4/ frqfhuqlqj h{fhvv nxuwrvlv1 Wklv uhvxow lv lpsruwdqw vlqfh lw lqglfdwhv
wkdw prghov vxfk dv pl{wxuhv ri qrupdov gr qrw dghtxdwho| fdswxuh wkh wdlov ri wkh ydulrxv
vwrfn0pdunhw uhwxuqv1 Rqo| prghov/ zkhuh lw lv nqrzq wkdw wkh wdlov ehorqj wr wkh grpdlq ri
dwwudfwlrq ri wkh Iuìfkhw glvwulexwlrq/ duh srwhqwldoo| vxffhvvixo1
Frpsdulvrq ehwzhhq wkh ohiw dqg uljkw wdlo lqglfhv vkrzv wkdw iru prvw frxqwulhv wkh ohiw
wdlo lqgh{ wdnhv voljkwo| odujhu ydoxhv wkdq wkh uljkw rqh1 Rq wkh rwkhu kdqg/ wkh vwdqgdug
huuruv duh udwkhu odujh1 D irupdo whvw lv qhfhvvdu| wr lqyhvwljdwh zkhwkhu wkh ohiw wdlo ehkdyhv
dv wkh uljkw rqh1
616 Ydulrxv whvwv
61614 Jrrgqhvv ri w
Wr dvvhvv wkh dffxudf| ri wkh hvwlpdwlrq ri wkh h{wuhph ydoxh glvwulexwlrq e| wkh jhy glvwul0
exwlrq/ zh iroorz Orqjlq +4<<9, dqg shuirup d Vkhupdq +4<8:, whvw ri jrrgqhvv ri w1 Wklv
whvw/ suhvhqwhg lq Wdeoh 6/ frpsduhv wkh suredelolw| jlyhq e| wkh hvwlpdwhg jhy glvwulexwlrq
dqg wkh revhuyhg iuhtxhqf|/ xvhg dv d sur{| ri wkh wuxh suredelolw|146 Iru wkh 730klvwrulhv/
zh revhuyh d uhmhfwlrq ri wkh jrrgqhvv ri w lq rqo| d ihz fdvhv +wkhvh duh iru wkh ohiw wdlo
ri Wkdlodqg dqg Fkloh dqg wkh uljkw wdlo ri Vlqjdsruh dqg Eud}lo,1 Zkhq wkh shulrg  ryhu
zklfk h{wuhphv duh vhohfwhg lv 53 +uhvxowv qrw suhvhqwhg khuh,/ wkh jrrgqhvv ri w lv uhmhfwhg
pruh iuhtxhqwo|1 Wklv revhuydwlrq fruurerudwhv djdlq wkdw rxu prgho lv vdwlvidfwru|1
61615 Lv wkh ohiw wdlo htxdo wr wkh uljkw rqh B
Lq Wdeoh 7/ zh suhvhqw ydulrxv olnholkrrg0udwlr whvwv ri htxdolw| ri >c c dqg 1 iru wkh ohiw dqg
uljkw wdlov1 Lq wkh uvw sdlu ri froxpqv/ zh suhvhqw wkh olnholkrrg0udwlr vwdwlvwlf wkdw whvwv
45Wklv uhvxow jhqhudol}hv wr doo hvwlpdwhv1
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+vhh Vkhupdq/ 4<8:/ iru pruh ghwdlov,1
43zkhwkhu wkh ohiw dqg uljkw wdlov kdyh d vdph orfdwlrq sdudphwhu/ l1h1 >n ' >31 Zh uhmhfw wkh
qxoo dw wkh 8( ohyho iru Vrxwk Nruhd/ wkh Vorydn Uhsxeolf/ Fkloh/ dqg Shux1 Pdujlqdoo|/ zh
uhmhfw wkh qxoo iru wkh V)S 833/ Froxpeld/ dqg Ph{lfr1 Jlyhq wkdw > lqglfdwhv zkhuh h{wuhph
uhdol}dwlrqv duh dqfkruhg/ wkhvh uhvxowv vxjjhvw wkdw prvw qhjdwlyh h{wuhphv kdyh dq devroxwh
ydoxh vlplodu wr wkh srvlwlyh h{wuhphv1
Zkhq zh wxuq wr froxpqv 6 dqg 7 fruuhvsrqglqj wr d whvw ri wkh qxoo wkdw 
n ' 
3
dqg wr froxpqv 8 dqg 9 iru d whvw wkdw 1
n ' 1
3c z h q gd o p r v wq ru h m h f w l r q 1 W k hr q o |
h{fhswlrq frqfhuqv wkh vfdoh sdudphwhu/ / ri wkh FDF73 dqg wkh IWVH1 Wkhvh qglqjv duh
djdlq frpsdwleoh zlwk Wdeoh 4/ zkhuh zh kdyh vkrzq wkdw/ rqfh khwhurvnhgdvwlflw| kdv ehhq
wdnhq fduh ri/ wkh gdwd grhv qrw dsshdu vnhzhg1 Dovr/ li rqh orrnv dw wkh 4 dqg << shufhqwlohv/
rqh uhdol}hv wkdw wkhvh ydoxhv whqg wr eh forvh iru wkh ohiw dqg wkh uljkw wdlov1 Zkhq rqh
frqvlghuv wkh plq dqg pd{ ri hdfk vhulhv/ rqh qrwlfhv dq dv|pphwu|1 Lq rwkhu zrugv/ h{wuhph
uhdol}dwlrqv ri hlwkhu vljq duh ri yhu| vlplodu qdwxuh/ |hw/ wkhuh duh yhu| ihz odujh qhjdwlyh
rxwolhuv1 Wkhvh rxwolhuv gr qrw rffxu iuhtxhqwo| hqrxjk dv wr ohdg wr vwdwlvwlfdo vljqlfdqfh1
61616 Htxdolw| dfurvv jurxsvB
Qrz/ zh whvw zkhwkhu wkh wdlov glhu ehwzhhq wkh ydulrxv hohphqwv lq d jurxs dqg dw d
zruogzlgh ohyho1 Lq Wdeoh 8/ zh suhvhqw wkh olnholkrrg0udwlr vwdwlvwlf/ OUW/ whvwlqj iru hdfk
wdlo vhsdudwho|/ zkhwkhu wkh sdudphwhuv duh frqvwdqw zlwklq hdfk frxqwu| jurxs1 Uhvxowv iru
wkh ohiw wdlo ri wkh glvwulexwlrq duh irxqg lq wkh xsshu sduw ri Wdeoh 8/ zkhuhdv iru wkh uljkw
wdlo wkh| duh irxqg ehorz1 Frqvlghulqj J4/ zh rewdlq d wrwdo olnholkrrg ri D2HbH1Z k h q
zh hvwlpdwh wkh prgho zlwk  dqg 1 iuhh/ |hw > vhw frqvwdqw iru doo frxqwulhv/ zh rewdlq
> ' DeH dqg d orj0olnholkrrg ri DDS21 Wklv |lhogv d OUW vwdwlvwlf/ dovr uhsruwhg lq
Wdeoh 8/ ri 4415<1 Wkh s0ydoxh lv 8(1 Lqvshfwlrq ri wkh vhfrqg dqg wklug froxpq ri Wdeoh 8
vkrzv wkdw wkh whvw vwdwlvwlf lv vpdoohvw lq J4 |hw/ hyhq wkhuh/ zh uhmhfw frqvwdqf| ri > dfurvv
frxqwulhv1
Zh surfhhg vlploduo| iru wkh vfdoh sdudphwhu/ c wr glvfryhu wkdw frqvwdqf| ri  fdq eh
uhmhfwhg iru doo jurxsv1 Wxuqlqj wr 1c rq wkh rwkhu kdqg/ vkrzv wkdw htxdolw| ri wkh wdlo lqgh{
fdqqrw eh uhmhfwhg lq wkh ydulrxv jurxsv1
Wkhvh qglqjv vxjjhvw wkdw wkh ehkdylru ri uhwxuqv lv vlplodu idu rxw lq wkh wdlov1 Rqfh ohiw
wkh duhd ri odujh h{wuhphv/ rqh qgv wkdw frxqwulhv kdyh wkhlu shfxoldulwlhv1 Dfurvv frxqwulhv/
wkh duhd zkhuh h{wuhphv duh orfdwhg/ glhuv1 Iru lqvwdqfh/ d fI fudvk pd| vhhp qdwxudo
iru dq hphujlqj pdunhw/ zkhuhdv lw zrxog eh d odujh h{wuhph lq vrph pruh pdwxuh pdunhw1
Pruhryhu/ wkh duhd ryhu zklfk h{wuhphv udqjh/ glhuv dfurvv lqglfhv1 Vrph lqglfhv vxfk dv wkh
V)S833 kdyh lq jhqhudo olwwoh yduldelolw| dfurvv h{wuhphv/ zkhuhdv wkhuh lv pruh yduldelolw| lq
dq lqgh{ vxfk dv wkh Qlnnhl1
Vr idu/ zh kdyh vhhq wkdw wdlov duh glhuhqw iurp wkh srlqw ri ylhz ri vfdoh dqg orfdwlrq
exw qrw iurp wkh wdlo0lqgh{ srlqw ri ylhz1 Wklv udlvhv wkh txhvwlrq zkhwkhu wklv lqgh{ lv wkh
vdph iru doo frxqwulhv1 Lq Wdeoh 9/ zh suhvhqw wkh OUW vwdwlvwlf whvwlqj zkhwkhu 1 lv wkh vdph
44zruogzlgh1 Ohw xv irfxv rq wkh ohiw wdlo/ l1h1 wkh uvw olqh ri uhvxowv1 Iluvw/ zh rewdlq dq
xquhvwulfwhg olnholkrrg ri eDHHH/ zlwk d ohiw wdlo lqgh{ ri 315:1 Wkh uhvwulfwhg olnholkrrg lv
eDbHHc zklfk ohdgv wr d OUW ri 491 Jlyhq rxu 4< ghjuhhv ri iuhhgrp/ zh fdqqrw uhmhfw wkh
dvvxpswlrq wkdw 1
3 lv frqvwdqw zruogzlgh1 Zh rewdlq d vlplodu uhvxow iru wkh uljkw wdlo/ zlwk
dq hvwlpdwh ri 1
n htxdo wr 31571
7 Glvfxvvlrq
Zh kdyh hvwdeolvkhg wkdw wkh ohiw dqg uljkw wdlo lqglfhv ri uhwxuqv ehkdyh lq d yhu| vlplodu
idvklrq1 Ixuwkhupruh/ zh kdyh vkrzq wkdw dfurvv doo frxqwulhv lqyhvwljdwhg/ wkh wdlo lqglfhv
duh vlplodu1
Rqh pd| zrqghu zkhwkhu wkh idfw wkdw wkh ohiw dqg uljkw wdlov dsshdu htxdo lv gxh wr d
odfn ri srzhu1 Lq rughu wr lqyhvwljdwh wklv lvvxh/ rqh pd| frqvlghu wkh whvw ri htxdolw| ri
wkh ohiw dqg uljkw wdlo lqglfhv/ rewdlqhg e| srrolqj revhuydwlrqv1 Irfxvlqj rq wkh sdudphwhuv
suhvhqwhg lq Wdeoh 9/ zh rewdlq d frqghqfh lqwhuydo ri ^3157/3163` iru wkh ohiw wdlo lqgh{ dqg
ri ^3153/315:` iru wkh uljkw wdlo1 Wklv vkrzv/ li rqh dvvxphv lqghshqghqfh/ wkdw wkh lqwhuydov
duh qrq0hpsw| dqg wkdw/ hyhq dw d zruogzlgh vfdoh/ zh fdqqrw uhmhfw frqvwdqf| ehwzhhq wkh
ohiw dqg wkh uljkw wdlo lqgh{1
Prvw shrsoh/ zkhq dvnhg/ zrxog d!up wkdw wkh ohiw wdlo lv khdylhu wkdq wkh uljkw rqh1
Lqghhg/ zkhq zh frpsduh wkh srlqw hvwlpdwhv ri wkh ohiw dqg wkh uljkw wdlo lqgh{/ zh qg wkdw
wkh ohiw wdlo whqgv wr eh khdylhu wkdq wkh uljkw rqh1 Krzhyhu/ wkh glhuhqfh lv qrw vwdwlvwlfdoo|
vljqlfdqw1 D srvvlelolw| lv wkdw odujh h{wuhphv mxvw gr qrw rffxu iuhtxhqwo| hqrxjk/ |hw/ jlyhq
wkh sdlq wkh| fdxvh ohdyh orqj odvwlqj phprulhv1
Rqh pd| dvn zk|/ edvhg rq hfrqrplf jurxqgv/ wkh ohiw dqg uljkw wdlov vkrxog eh glhuhqw1
Rqh h{sodqdwlrq frxog eh irxqg lq Fdpsehoo dqg Khqwvfkho +4<<5,1 Wkh| dujxh wkdw uhwxuqv
duh pryhg e| qhzv1 Qhzv jhqhudwh yrodwlolw| dqg foxvwhu/ lq wkdw qhzv duh riwhq iroorzhg e|
pruh qhzv1 Wkh| dujxh wkdw d slhfh ri jrrg qhzv lqfuhdvhv vwrfn sulfhv/ |hw vrph ri wklv
lqfuhdvh jhwv gdpshqhg e| wkh lqfuhdvh lq ulvn suhplxp uhtxhvwhg iru wkh kljkhu yrodwlolw|1 D
iruwlrul/ d slhfh ri edg qhzv orzhuv wkh vwrfn sulfh1 Wklv gurs jhwv ixuwkhu dpsolhg e| wkh
lqfuhdvh lq wkh ulvn suhplxp1 Ehfdxvh ri foxvwhulqj ri qhzv/ wkh ohiw wdlo ri uhwxuqv vkrxog
wkhuhiruh eh wklfnhu wkdq wkh uljkw wdlo1
Wklv revhuydwlrq vxjjhvwv wkdw wkh lqwxlwlrq wkdw wkh ohiw wdlo lv wklfnhu wkdq wkh uljkw
wdlo lv hvvhqwldoo| gxh wr d foxvwhulqj ri yrodwlolw|1 Wkh xvh ri dq hyw whfkqltxh wkdw dyrlgv
ghshqghqf| dsshduv/ wkhuhiruh/ wr eh ri uhohydqfh1
45Uhihuhqfhv
^4` Ehndhuw/ J1/ dqg F1 U1 Kduyh| +4<<8,/ Wlph0Ydu|lqj Zruog Pdunhw Lqwhjudwlrq/ Mrxuqdo
ri Ilqdqfh/ 83+5,/ 7367771
^5` Ehndhuw/ J1/ dqg F1 U1 Kduyh| +4<<:,/ Hphujlqj Htxlw| Pdunhw Yrodwlolw|/ Mrxuqdo ri
Ilqdqfldo Hfrqrplfv/ 76+4,/ 5<::1
^6` Fdpsehoo/ M1 \1/ dqg O1 Khqwvfkho +4<<5,/ Qr Qhzv lv Jrrg Qhzv= Dq Dv|pphwulf
Prgho ri Fkdqjlqj Yrodwlolw| lq Vwrfn Uhwxuqv/ Mrxuqdo ri Ilqdqfldo Hfrqrplfv/ 645/
5;464;1
^7` Fodhvvhqv/ V1/ V1 Gdvjxswd/ dqg M1 Johq +4<<8,/ Uhwxuq Ehkdylru lq Hphujlqj Vwrfn
Pdunhwv/ Zruog Edqn Hfrqrplf Uhylhz/ <+4,/ 4644841
^8` Gdfrurjqd/ P1 P1/ X1 D1 Pÿoohu/ R1 Y1 Slfwhw/ dqg F1 J1 gh Yulhv +4<<8,/ Wkh Glvwulexwlrq
ri H{wuhpdo Iruhljq H{fkdqjh Udwh Uhwxuqv lq H{wuhpho| Odujh Gdwd Vhwv/ plphr/ Rovhq
) Dvvrfldwhv/ ]xulfk/ dqg Hudvpxv Xqlyhuvlw| Urwwhugdp1
^9` Gdqlhovvrq/ M1/ dqg F1 J1 gh Yulhv +4<<:,/ Wdlo Lqgh{ dqg Txdqwloh Hvwlpdwlrq zlwk Yhu|
Kljk Iuhtxhqf| Gdwd/ Mrxuqdo ri Hpslulfdo Ilqdqfh/ 7/ 57458:1
^:` gh Yulhv/ F1 J1 +4<<7,/ Vw|ol}hg Idfwv ri wkh Qrplqdo H{fkdqjh Udwh Uhwxuq/ lq Ydq gh
Sorhj/ I1 +Hg1, Wkh Kdqgerrn ri Lqwhuqdwlrqdo Pdfurhfrqrplfv/ Edvlo Eodfnzhoo/ 67;
6;<1
^;` Glherog/ I1 [1/ W1 Vfkxhupdqq/ dqg M1 G1 Vwurxjkdlu +4<<;,/ Slwidoov dqg Rssruwxqlwlhv
lq wkh Xvh ri H{wuhph Ydoxh Wkhru| lq Ulvn Pdqdjhphqw/ zrunlqj sdshu/ Wkh Zkduwrq
Vfkrro/ Xqlyhuvlw| ri Shqqv|oydqld1
^<` Hpeuhfkwv/ S1/ F1 Noÿsshoehuj/ dqg W1 Plnrvfk +4<<:,/ Prghoolqj H{wuhpdo Hyhqwv/
Vsulqjhu Yhuodj/ Ehuolq1
^43` Hqjoh/ U1 I1 +4<;5,/ Dxwr0Uhjuhvvlyh Frqglwlrqdo Khwhurvnhgdvwlflw| zlwk Hvwlpdwhv ri
wkh Yduldqfh ri Xqlwhg Nlqjgrp Lq dwlrq/ Hfrqrphwulfd/ 83+7,/ <;:433:1
^44` Jqhghqnr/ E1 Y1 +4<76,/ Vxu od Glvwulexwlrq Olplwh gx Whuph Pd{lpxp g*xqh Vìulh
Doìdwrluh/ Dqqdov ri Pdwkhpdwlfv/ 77/ 756861
^45` Krov/ P1 F1 D1 E1/ dqg F1 J1 gh Yulhv +4<<4,/ Wkh Olplwlqj Glvwulexwlrq ri H{wuhpdo
H{fkdqjh Udwh Uhwxuqv/ Mrxuqdo ri Dssolhg Hfrqrphwulfv/ 9+6,/ 5;:6351
^46` Mdqvhq/ G1 Z1/ dqg F1 J1 gh Yulhv +4<<4,/ Rq wkh Iuhtxhqf| ri Odujh Vwrfn Uhwxuqv=
Sxwwlqj Errpv dqg Exvwv lqwr Shuvshfwlyh/ Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv/ :6+4,/
4;571
46^47` Nhduqv/ S1/ dqg D1 Sdjdq +4<<:,/ Hvwlpdwlqj wkh Ghqvlw| Wdlo Lqgh{ iru Ilqdqfldo Wlph
Vhulhv/ Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv/ :</ 4:44:81
^48` Nhvwhq/ K1 +4<:6,/ Udqgrp Glhuhqfh Htxdwlrqv dqg Uhqhzdo Wkhru| iru Surgxfwv ri
Udqgrp Pdwulfhv/ Dfwd Pdwkhpdwlfd/ 53:57;1
^ 4 9 `N r h g l m n /N 1J 1 /P 1P 1D 1V f k d i j d q v /d q gF 1J 1g hY u l h v+ 4 < < 3 , /W k hW d l oL q g h {r i
H{fkdqjh Udwh Uhwxuqv/ Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv/ 5<+405,/ <643;1
^4:` Nrq/ V1 +4<;7,/ Prghov ri Vwrfn Uhwxuqv= D Frpsdulvrq/ Mrxuqdo ri Ilqdqfh/6 < + 4 , /
47:4981
^4;` Ohdgehwwhu/ P1 U1/ J1 Olqgjuhq/ dqg K1 Urrw}ìq +4<;6,/ H{wuhphv dqg Uhodwhg Surshuwlhv
ri Udqgrp Vhtxhqfhv dqg Surfhvvhv/ Vsulqjhu Yhuodj/ Qhz \run1
^4<` Orqjlq/ I1 P1 +4<<9,/ Wkh Dv|pswrwlf Glvwulexwlrq ri H{wuhph Vwrfn Pdunhw Uhwxuqv/
Mrxuqdo ri Exvlqhvv/ 9<+6,/ 6;673;1
^53` Oruhwdq/ P1/ dqg S1 F1 E1 Skloolsv +4<<7,/ Whvwlqj wkh Fryduldqfh Vwdwlrqdulw| ri Khdy|0
Wdlohg Wlph Vhulhv/ Mrxuqdo ri Hpslulfdo Ilqdqfh/4 /5 4 4  5 7 ; 1
^54` Ox{/ W1 +4<<;,/ Wkh Olplwlqj H{wuhpdo Ehkdylru ri Vshfxodwlyh Uhwxuqv= Dq Dqdo|vlv
ri Lqwud0Gdlo| Gdwd iurp wkh Iudqnixuw Vwrfn H{fkdqjh/ Xqlyhuvlw| ri Erqq Glvfxvvlrq
Sdshu E27691
^55` PfQhlo/ D1 M1/ dqg U1 Iuh| +5333,/ Hvwlpdwlrq ri Wdlo0Uhodwhg Ulvn Phdvxuhv iru Khw0
hurvfhgdvwlf Ilqdqfldo Wlph Vhulhv= Dq H{wuhph Ydoxh Dssurdfk/ Mrxuqdo ri Hpslulfdo
Ilqdqfh/ :/ 5:46331
^56` Uhlvv/ U1 G1/ dqg P1 Wkrpdv +4<<:,/ Vwdwlvwlfdo Dqdo|vlv ri H{wuhph Ydoxhv/ Elunkçxvhu/
Edvho1
^57` Ulfkdugvrq/ P1 S1/ dqg W1 Vplwk +4<<6,/ D Whvw iru Pxowlyduldwh Qrupdolw| lq Vwrfn
Uhwxuqv/ Mrxuqdo ri Exvlqhvv/ 99+5,/ 5<86541
^58` Urfnlqjhu/ P1/ dqg J1 Xujd +5334,/ D Wlph0Ydu|lqj Sdudphwhu Prgho wr Whvw iru Suh0
glfwdelolw| dqg Lqwhjudwlrq lq wkh Vwrfn Pdunhwv ri Wudqvlwlrq Hfrqrplhv/ Mrxuqdo ri
Exvlqhvv ) Hfrqrplf Vwdwlvwlfv/ 4<+4,/ :6;71
^59` Vkhupdq/ O1 N1 +4<8:,/ Shufhqwlohv ri wkh l? vwdwlvwlf/ Dqqdov ri Pdwkhpdwlfdo Vwdwlvwlfv/
5;/ 58<59;1
^5:` Vklhogv/ N1 N1 +4<<:,/ Vwrfn Uhwxuq Yrodwlolw| rq Hphujlqj Hdvwhuq Hxurshdq Pdunhwv/
Wkh Pdqfkhvwhu Vfkrro ri Hfrqrplf dqg Vrfldo Vwxglhv/ 98/ Vxssohphqw/ 44;46;1
47^5;` Vplwk/ U1 O1 +4<;8,/ Pd{lpxp Olnholkrrg Hvwlpdwlrq lq d Fodvv ri Qrq0Uhjxodu Fdvhv/
Elrphwulnd/ :5/ 9:<31
^5<` Vplwk/ U1O1 +4<;<,/ H{wuhph Ydoxh Dqdo|vlv ri Hqylurqphqwdo Wlph Vhulhv= Dq Dssolfd0
wlrq ri Wuhqg Ghwhfwlrq lq Jurxqg0Ohyho R}rqh/ Vwdwlvwlfdo Vflhqfh/ 7+7,/ 69:06::1
^63` Vw dulf d/ F1/ dqg R1 Slfwhw +4<<<,/ Wkh Wdohv wkh Wdlov ri JDUFK+4/4, Surfhvvhv Whoo/
plphr/ Ghsw1 Vwdwlvwlfv/ Xqlyhuvlw| ri Shqqv|oydqld1
^64` Zklwh/ K1 +4<;3, D Khwhurvfhgdvwlflw|0Frqvlvwhqw Fryduldqfh Pdwul{ Hvwlpdwru dqg d
Gluhfw Whvw iru Khwhurvfhgdvwlflw|/ Hfrqrphwulfd/ 7;+7,/ ;4:;6;1
48Fdswlrqv
Wdeohv 4d dqg 4e= Wkh uvw urz lqglfdwhv wkh gdwh zkhq d vhulhv vwduw1 Doo vhulhv hqg
zlwk Mxqh 5< 53341 JKrlv wkh qxpehu ri revhuydwlrqv lq hdfk vhulhv1 Phdq/ Vwg/ Vn/ dqg Nx
ghqrwh wkh phdq/ wkh vwdqgdug ghyldwlrq/ wkh vnhzqhvv/ dqg wkh h{fhvv nxuwrvlv ri uhwxuqv/
uhvshfwlyho|1 Vwdqgdug huuruv +v1h1, duh frpsxwhg xvlqj wkh JPP surfhgxuh vxjjhvwhg e|
Ulfkdugvrq dqg Vplwk +4<<6,1 Wkh Zdog vwdwlvwlf whvwv wkh qxoo k|srwkhvlv wkdw vnhzqhvv dqg
h{fhvv nxuwrvlv duh mrlqwo| htxdo wr 31 Xqghu wkh qxoo/ wkh vwdwlvwlf lv glvwulexwhg dv d 2 zlwk
5 ghjuhhv ri iuhhgrp1 Wkh Mdutxh0Ehud +ME, vwdwlvwlfv lv ghqhg dv A EVn2*SnNx2*2e1L w
lv glvwulexwhg dv d 2
2 xqghu wkh qxoo k|srwkhvlv ri qrupdolw|1 Wkh s0ydoxh lqglfdwhv wkh ohyho
ri vljqlfdqfh ri wkh ME vwdwlvwlfv1 Plq/ Phgldq/ dqg Pd{ uhsuhvhqw wkh plqlpxp/ phgldq/
dqg pd{lpxp ri vwdqgdugl}hg uhwxuqv1 ^/ ^D/ ^bDc dqg ^bb uhsuhvhqw wkh 4/ 8/ <8/ dqg
<< shufhqwloh ri vwdqgdugl}hg uhwxuqv1 Wkh 4(/ 8(/ <8(/ dqg <<( shufhqwlohv iru d qrupdo
glvwulexwlrq duh 22S/ Seeb/ Seeb/d q g22S1
HqjohEg uhsuhvhqwv wkh Hqjoh vwdwlvwlf iru khwhurvnhgdvwlflw| rewdlqhg e| uhjuhvvlqj vtxduhg
uhwxuqv rq g odjv1 Xqghu wkh qxoo k|srwkhvlv ri krprvnhgdvwlflw|/ wklv vwdwlvwlf lv glvwulexwhg
dv d 2 zlwk g ghjuhhv ri iuhhgrp1 -Eg/ g ' ccD/ duh wkh uvw yh dxwr0fruuhodwlrq
frh!flhqwv1 'Eg uhsuhvhqwv wkh Er{0Omxqj vwdwlvwlfv zlwkrxw fruuhfwlrq iru khwhurvnhgdvwlf0
lw|1 Wkh vwdwlvwlf zlwk fruuhfwlrq iru khwhurvnhgdvwlflw| lv ghqrwhg '` Eg1 Xqghu wkh qxoo
k|srwkhvlv ri qr vhuldo fruuhodwlrq/ wkhvh vwdwlvwlfv duh glvwulexwhg dv d 2 zlwk g ghjuhhv ri
iuhhgrp1 Dw wkh <8( ohyho/ zh kdyh wkh iroorzlqj fulwlfdo ydoxhv= 2
2 GD bbc 2
D G  c 2
￿f G H 
Wdeoh 5= Wklv wdeoh uhsruwv pd{lpxp olnholkrrg hvwlpdwhv ri wkh jhy glvwulexwlrq wwhg
wr wkh ohiw dqg uljkw wdlo ri ydulrxv frxqwulhv1 Wkh uvw froxpq J4//J7 lqglfdwhv wr zklfk
jurxs d jlyhq frxqwu| ehorqjv1 Wkh sdudphwhuv >c  dqg 1 uhsuhvhqw wkh orfdwlrq/ vfdoh/
dqg wdlo lqgh{ sdudphwhu1 Vxshuvfulsw  dqg n fruuhvsrqg wr wkh ohiw dqg uljkw wdlov1 Wkh
pqhprqlf v1h1 uhsuhvhqwv wkh vwdqgdug huuruv frpsxwhg zlwk wkh lqyhuvh Khvvldq pdwul{/
uhvshfwlyho|1
Wdeoh 6= Wklv wdeoh suhvhqwv Vkhupdq*v jrrgqhvv ri w whvw





3 Khuh/ wkh OUW vwdwlvwlfv lv glvwulexwhg dv d 2
￿ Wkh s0ydoxh suhvhqwv
wkh ohyho ri vljqlfdqfh ri wkh vwdwlvwlfv1
Wdeoh 8= Wklv wdeoh dqvzhuv wkh txhvwlrq zkhwkhu wkh ydulrxv sdudphwhuv duh frqvwdqw
zlwklq hdfk jurxs1 Zh suhvhqw s0ydoxhv/ rewdlqhg zlwk d 2
ec iru wkh olnholkrrg0udwlr whvw
vwdwlvwlfv1
Wdeoh 9= Khuh/ zh whvw zkhwkhu 1 lv frqvwdqw zruogzlgh1 Iluvw/ zh glvsod| wkh ydoxh
ri wkh xquhvwulfwhg olnholkrrg rewdlqhg dv wkh vxp ri wkh olnholkrrgv suhvhqwhg lq Wdeoh 51
Wkh sdudphwhu 1 dqg lwv dvvrfldwhg vwdqgdug huuru vwhp iurp dq hvwlpdwlrq zkhuh 1 lv khog
frqvwdqw zruogzlgh exw > dqg  duh ohiw iuhh zlwklq hdfk frxqwu|1 Wkh uhvwulfwhg olnholkrrg
|lhogv wkh olnholkrrg0udwlr whvw1 Wkh s0ydoxh rewdlqhg lv rewdlqhg iurp d 2
￿b
49Iljxuh 4= Khuh/ zh wudfh wkh jhqhudol}hg h{wuhph ydoxh glvwulexwlrq e| uhvwulfwlqj rxu0
vhoyhv wr srvlwlyh ydoxhv ri wkh 1 sdudphwhu1 Wkh glvwulexwlrq lv wkhq d Iuìfkhw glvwulexwlrq1
Yduldwlrqv ri wkh sdudphwhuv lqglfdwh krz wkh glvwulexwlrq fkdqjhv1
Iljxuh 5= Sorwv ri udqgrpo| fkrvhq uhwxuq vhulhv1 Zh fkrvh rqh vhulhv zlwklq hdfk jurxs1
Iljxuh 6= Khuh/ zh suhvhqw hvwlpdwhv ri wkh wdlo lqgh{ zlwk dvvrfldwhg frqghqfh lqwhuydov
iru ydulrxv vl}hv ri 0klvwrulhv1 Wkh  vkrxog eh fkrvhq lq d zd| vr wkdw wkh wdlo lqgh{ uhpdlqv
urxjko| frqvwdqw ryhu d fhuwdlq uhjlrq1
4:S&P500 Nikkei DAX CAC40 FTSE100 Hong Kong Singapore South Korea Taiwan Thailand
First Day 4/1/65 2/1/69 4/1/65 2/1/69 2/1/69 3/1/73 3/1/73 2/1/75 2/1/70 2/5/75
Nobs 9522 8479 9522 8479 8479 7435 7435 6914 8218 6828
Mean 0.027 0.022 0.027 0.035 0.032 0.037 0.010 0.032 0.042 0.017
s.e. 0.010 0.012 0.011 0.013 0.014 0.027 0.021 0.020 0.024 0.023
Std 0.933 1.102 1.066 1.065 1.044 1.975 1.488 1.544 1.851 1.458
s.e. 0.047 0.041 0.035 0.036 0.042 0.098 0.088 0.059 0.070 0.060
SK -1.624 -0.248 -0.477 -0.582 -0.309 -1.416 -1.205 -0.194 -0.330 0.210
s.e. 1.311 0.367 0.255 0.321 0.420 1.079 1.038 0.250 0.429 0.226
Ku 42.630 13.196 9.011 9.492 9.073 33.534 31.967 8.530 14.831 8.514
s.e. 31.276 5.010 2.793 3.295 4.081 19.732 19.649 2.049 6.279 0.981
Wald Stat. 4.530 9.572 13.421 11.625 6.812 6.157 7.957 35.018 7.045 76.977
p-value 0.10 0.01 0.00 0.00 0.03 0.05 0.02 0.00 0.03 0.00
JB stat. 725194.91 61602.55 32577.10 32312.10 29214.62 350846.08 318368.06 21006.52 75462.61 20671.43
p-value 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Min -22.833 -16.135 -13.710 -13.910 -13.029 -40.542 -30.042 -17.370 -27.929 -10.028
Median 0.004 0.000 0.000 0.000 0.022 0.000 0.000 0.000 0.000 0.000
Max 8.709 12.430 8.872 8.225 8.943 17.247 15.867 10.024 19.914 11.350
q1 -2.567 -3.076 -2.644 -2.765 -2.706 -2.928 -2.718 -2.974 -2.874 -2.874
q5 -1.544 -1.559 -1.543 -1.568 -1.525 -1.471 -1.433 -1.452 -1.536 -1.506
q95 1.534 1.447 1.485 1.526 1.447 1.398 1.422 1.577 1.499 1.468
q99 2.598 2.849 2.499 2.471 2.508 2.750 2.652 2.947 2.749 3.155
Engle(1) 128.450 384.641 372.548 83.364 2017.456 55.280 534.086 202.960 568.604 655.459
Engle(5) 472.655 582.624 825.527 624.515 2130.779 177.654 898.450 599.672 715.658 971.273
AR(1) 0.077 0.012 0.055 0.111 0.142 0.051 0.134 0.069 0.001 0.169
AR(2) -0.019 -0.041 -0.044 -0.011 -0.010 -0.017 -0.022 -0.002 0.059 0.040
AR(3) -0.020 0.010 -0.012 -0.015 0.009 0.066 0.030 -0.018 0.051 0.031
AR(4) -0.017 0.024 0.016 0.026 0.032 0.032 0.045 -0.005 0.008 0.027
AR(5) 0.020 -0.011 0.018 0.006 0.006 -0.004 0.026 -0.036 0.020 0.017
Q(5) 70.304 22.372 53.910 112.722 180.152 62.117 164.519 44.738 53.874 218.487
Q(10) 82.590 38.863 77.604 138.730 220.781 85.739 170.603 54.256 83.910 252.022
QW(5) 11.838 7.632 18.374 54.756 31.149 16.910 21.796 15.356 16.628 48.249
QW(10) 23.358 15.242 28.557 61.116 41.216 20.867 24.862 17.189 29.457 53.462
Table 1a. Summary statistics on stock-market returns.Czech Rep. Hungary Russia Slovak Rep. Slovenia Brazil Chile Colombia Mexico Peru
First Day 9/20/94 3/1/91 6/21/94 9/15/93 4/1/94 2/1/92 5/1/87 3/1/92 5/1/88 3/1/91
Nobs 1771 2739 1836 2035 1956 2479 3782 2478 3521 2739
Mean -0.032 0.070 0.072 0.000 0.030 0.406 0.080 0.036 0.119 0.145
s.e. 0.037 0.042 0.113 0.063 0.041 0.079 0.025 0.036 0.036 0.047
Std 1.192 1.733 3.735 1.809 1.328 3.193 0.948 1.241 1.783 1.541
s.e. 0.063 0.138 0.271 0.241 0.098 0.166 0.042 0.103 0.081 0.075
SK -0.078 -0.893 0.975 2.532 -0.398 0.414 -0.336 -0.028 0.042 0.367
s.e. 0.163 0.468 0.916 1.612 0.357 0.287 0.579 0.759 0.194 0.191
Ku 2.560 15.400 18.515 40.062 7.860 5.751 11.831 34.257 6.349 4.712
s.e. 0.596 3.418 9.028 14.003 1.744 2.060 6.339 18.224 1.316 0.538
Wald Stat. 22.112 25.927 13.219 19.223 29.499 10.898 13.824 13.717 25.103 80.694
p-value 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
JB stat. 485.41 27430.70 26515.94 138258.46 5086.79 3487.27 22127.34 121166.96 5915.17 2595.92
p-value 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Min -7.077 -18.034 -26.245 -12.450 -9.853 -17.229 -12.304 -18.568 -14.314 -8.796
Median 0.000 0.008 0.000 0.000 0.000 0.204 0.000 0.000 0.018 0.000
Max 5.820 13.616 45.990 27.555 7.465 28.818 6.471 15.039 12.154 8.908
q1 -2.780 -3.289 -2.939 -2.672 -3.032 -2.815 -2.673 -2.531 -2.768 -2.749
q5 -1.646 -1.336 -1.439 -1.373 -1.550 -1.550 -1.442 -1.342 -1.515 -1.396
q95 1.690 1.481 1.464 1.226 1.503 1.680 1.531 1.511 1.512 1.699
q99 2.577 2.628 2.979 2.571 2.926 2.708 2.801 3.023 2.710 3.125
Engle(1) 90.863 271.270 23.512 31.156 308.100 85.444 64.888 374.875 233.381 316.860
Engle(5) 208.697 334.037 31.310 368.000 356.014 205.695 134.971 462.612 319.452 352.507
AR(1) 0.160 0.102 0.058 0.095 0.301 0.070 0.296 0.205 0.190 0.363
AR(2) 0.098 0.057 0.070 0.009 -0.036 0.022 0.112 0.160 -0.020 0.042
AR(3) 0.040 -0.040 0.048 0.066 -0.027 0.005 0.044 0.095 0.007 0.008
AR(4) 0.019 0.017 0.002 0.208 0.010 0.000 0.055 0.036 0.059 0.049
AR(5) -0.040 -0.010 0.018 0.146 0.017 0.011 0.067 -0.012 0.018 0.029
Q(5) 68.700 42.695 20.119 159.721 181.716 13.703 414.766 193.834 142.416 375.579
Q(10) 84.936 67.245 43.259 216.015 224.300 52.089 456.288 201.802 150.464 442.288
QW(5) 29.275 8.047 9.948 9.685 45.724 5.186 123.555 46.606 54.865 119.300
QW(10) 38.298 18.486 25.493 11.622 52.666 29.848 135.214 50.444 58.619 132.788







G1 S&P500 1.414 0.043 0.594 0.035 0.246 0.048 1.528 0.045 0.608 0.034 0.157 0.051
G1 Nikkei 1.518 0.071 0.861 0.061 0.333 0.076 1.633 0.071 0.883 0.060 0.305 0.069
G1 DAX 1.568 0.052 0.697 0.043 0.269 0.055 1.650 0.048 0.658 0.039 0.228 0.052
G1 CAC40 1.630 0.066 0.834 0.052 0.191 0.058 1.762 0.055 0.709 0.043 0.159 0.053
G1 FTSE 1.591 0.049 0.623 0.039 0.229 0.055 1.565 0.040 0.514 0.034 0.293 0.058
G2 Hong Kong 2.616 0.123 1.438 0.109 0.383 0.073 2.774 0.112 1.314 0.098 0.356 0.073
G2 Singapore 2.086 0.088 1.046 0.076 0.343 0.066 2.258 0.082 0.985 0.069 0.290 0.062
G2 South Korea 2.008 0.113 1.251 0.096 0.313 0.080 2.422 0.104 1.206 0.081 0.159 0.062
G2 Taiwan 2.817 0.109 1.379 0.088 0.225 0.057 2.960 0.106 1.323 0.087 0.239 0.063
G2 Thailand 1.690 0.114 1.192 0.101 0.382 0.099 1.883 0.124 1.338 0.104 0.284 0.087
G3 Czech 1.881 0.161 0.941 0.120 0.073 0.120 1.937 0.000 0.958 0.000 0.000 0.000
G3 Hungary 2.368 0.191 1.376 0.168 0.369 0.113 2.517 0.197 1.396 0.161 0.239 0.115
G3 Russia 5.464 0.582 3.485 0.436 0.096 0.109 6.196 0.622 3.636 0.514 0.264 0.134
G3 Slovak Rep. 3.087 0.252 1.533 0.201 0.194 0.132 2.289 0.212 1.289 0.188 0.384 0.140
G3 Slovenia 1.904 0.180 1.069 0.150 0.283 0.141 2.156 0.226 1.294 0.175 0.042 0.159
G4 Brazil 4.304 0.333 2.246 0.267 0.198 0.120 4.744 0.354 2.306 0.302 0.317 0.141
G4 Chile 1.343 0.083 0.712 0.068 0.251 0.085 1.597 0.089 0.725 0.073 0.216 0.110
G4 Colombia 1.817 0.143 0.977 0.120 0.299 0.112 2.202 0.181 1.165 0.156 0.331 0.149
G4 Mexico 2.701 0.172 1.398 0.137 0.202 0.096 3.085 0.151 1.180 0.126 0.273 0.116
G4 Peru 2.022 0.164 1.095 0.144 0.348 0.153 2.688 0.185 1.307 0.143 0.106 0.114
Table 2. Maximum-likelihood parameter estimates of the gev distribution
Right tail Left tailLikelihood Sherman p-value Likelihood Sherman p-value
G1 S&P500 -284.52 0.272 0.393 -278.34 0.380 0.352
G1 Nikkei -341.18 0.684 0.247 -343.55 -0.484 0.314
G1 DAX -326.21 -0.401 0.344 -307.38 -0.979 0.164
G1 CAC40 -317.33 -0.021 0.492 -279.24 -1.266 0.103
G1 FTSE -260.74 -0.353 0.362 -228.38 -1.381 0.084
G2 Hong Kong -399.38 -1.443 0.075 -379.98 -0.145 0.443
G2 Singapore -336.80 0.269 0.394 -320.21 1.724 0.042
G2 South Korea -340.61 -0.573 0.283 -319.61 0.876 0.191
G2 Taiwan -415.31 0.029 0.488 -408.87 -0.564 0.286
G2 Thailand -334.39 1.765 0.039 -345.21 -0.509 0.306
G3 Czech -68.62 -1.241 0.107 -67.18 -1.026 0.153
G3 Hungary -143.41 -0.700 0.242 -139.25 -1.232 0.109
G3 Russia -129.70 -0.055 0.478 -135.88 -0.414 0.340
G3 Slovak Rep. -105.89 -0.619 0.268 -102.48 0.432 0.333
G3 Slovenia -86.74 1.012 0.156 -89.55 -0.084 0.467
G4 Brazil -152.66 1.038 0.150 -158.11 -1.925 0.027
G4 Chile -129.82 1.678 0.047 -129.76 0.032 0.487
G4 Colombia -105.22 -0.471 0.319 -116.88 1.035 0.150
G4 Mexico -178.58 0.226 0.411 -167.08 -0.044 0.483
G4 Peru -126.79 0.129 0.449 -129.93 -1.368 0.086
Table 3. Goodness of fit
Left tail Right tailLRT p-value LRT p-value LRT p-value
G1 S&P500 3.37 0.07 0.08 0.77 1.63 0.20
G1 Nikkei 1.33 0.25 0.06 0.80 0.07 0.79
G1 DAX 1.35 0.25 0.46 0.50 0.29 0.59
G1 CAC40 2.37 0.12 3.53 0.06 0.17 0.68
G1 FTSE 0.17 0.68 4.47 0.03 0.63 0.43
G2 Hong Kong 0.89 0.34 0.72 0.40 0.07 0.80
G2 Singapore 2.03 0.15 0.35 0.55 0.35 0.55
G2 South Korea 7.05 0.01 0.13 0.72 2.38 0.12
G2 Taiwan 0.89 0.35 0.21 0.65 0.03 0.86
G2 Thailand 1.32 0.25 1.00 0.32 0.56 0.46
G3 Czech 0.06 0.80 0.01 0.92 0.37 0.54
G3 Hungary 0.29 0.59 0.01 0.93 0.64 0.42
G3 Russia 0.74 0.39 0.05 0.82 0.99 0.32
G3 Slovak Rep. 5.80 0.02 0.78 0.38 0.98 0.32
G3 Slovenia 0.76 0.38 0.95 0.33 1.21 0.27
G4 Brazil 0.82 0.36 0.02 0.88 0.43 0.51
G4 Chile 4.34 0.04 0.02 0.89 0.06 0.80
G4 Colombia 2.85 0.09 0.93 0.34 0.03 0.87
G4 Mexico 2.80 0.09 1.37 0.24 0.23 0.63
G4 Peru 6.97 0.01 1.08 0.30 1.65 0.20







-LRT p-value LRT p-value LRT p-value
G1 11.29 0.02 27.44 0.00 2.48 0.65
G2 65.70 0.00 11.79 0.02 3.73 0.44
G3 48.57 0.00 73.87 0.00 4.72 0.32
G4 103.86 0.00 61.63 0.00 1.05 0.90
LRT p-value LRT p-value LRT p-value
G1 13.31 0.01 35.86 0.00 6.04 0.20
G2 56.05 0.00 12.67 0.01 4.65 0.33
G3 42.91 0.00 53.11 0.00 6.83 0.15
G4 128.31 0.00 46.02 0.00 2.18 0.70





Likelihood x s.e. likelihood LRT p-value
Left tail -4583.88 0.270 0.018 -4591.88 16.00 0.66
Right tail -4446.87 0.239 0.017 -4457.34 20.94 0.34
Table 6. Likelihood-ratio test for constancy of x across countries